Lumbar disc herniation (LDH) exhibits a high prevalence and a tremendous social impact (26). several reports have been previously published on very limited aspects of the hospitalisation period (23) or on the operated (due to LDH) patients' quality of life (25). However, there is hardly any research on how these patients appreciate the overall hospital stay. The aim of the current study was to evaluate inpatients' satisfaction for several care services, and to construct an artificial neural network (ANN) for prediction of LDH patients' satisfaction. This is the first study performed addressing specific issues that influence LDH patients' satisfaction.
matis GK. et al: Artificial Neurol Network in LDH █ mATERIAl and mEThODS
The Questionnaire a satisfaction questionnaire approved and validated by the Greek Ministry of Health and social solidarity was used (17, 18, 20) . ıt incorporated thirty-six questions, thirteen sociodemographic variables and five domains (admission, medical, nursing, accommodation, and administration services) (11) . all patients reported on their perceived health status and on their total satisfaction (admission and discharge day). The satisfaction related questions are presented in Table ı . a 5-grade Likert scale was employed, since such scales present a comprehensible structure both for researchers and patients (16) .
Study Target
The analysis took place among LDH patients admitted to the "G. Papanikolaou" General Hospital, Thessaloniki, Greece. Eligible participants were hospitalised patients for at least 24 hours. Exclusion criteria: depression, psychosis, and dementia. a signed consent form was obtained. The study was in agreement with the Helsinki Declaration.
Compilation of Data
One hundred ninety-four patients was contacted at the day of discharge (august 2009-July 2010) and were asked to complete the questionnaire guaranteeing data confidentiality. The obtained response rate was 74.7% (145 patients). The option of a telephone or mail survey was not considered due to the lack of experience in the Greek territory and the low expected response rate (17, 18, 20) .
Principal Component Analysis (PCA)
The scoring scales for all relative questions (Q21, Q22, Q33) were standardized (0-100), with 100 representing the best satisfaction (14) . The Kaiser measure of sampling adequacy value was 0.889. Data were rotated with the Varimax system (13, 14) . a correlation limit greater than 0.5 was chosen for the summated scales (31) . The factor loadings were chosen to be greater than 0.20 (15) . Values of Cronbach's alpha coefficient greater than 0.70 demonstrated homogeneity of the construct (7, 14) . The Spearman coefficient, the Student's t-test, the analysis of variance, the Kruskal-Wallis test, and the χ 2 test (or Fisher's test) were appropriately utilised. The two-sided threshold p value was 0.05. statistical analysis was performed by ıBM sPss statistics v. 20 (ıBM Corp., New York, Usa).
Artificial Neural Network (ANN)
Neural networks represent a technique of learning complex correlations between input and output patterns. after training, a neural network can extrapolate to give solutions to new input patterns, as long as the training data were sufficient (3). NeuralWorks Predict® v. 3.24 (NeuralWare, Carnegie, Pa, Usa) was used to construct such an aNN based on 13 input (age, sex, Q17-20, Q25-28, Q30-32) and 1 outcome (satisfaction: Q33) variables. satisfaction scores of 4 and 5 suggested 'patients' satisfaction', while scores 0-3 'lack of satisfaction'.
Logistic Regression
a binary response variable (satisfaction/no satisfaction) can be modeled by logistic regression. Like in aNN, binary logistic regression (BLR) was applied based on the same 14 variables (ıBM sPss statistics v. 20). Dependent variable: the global satisfaction score dichotomized into 'very satisfied / satisfied' versus 'neither satisfied nor dissatisfied / dissatisfied / very dissatisfied'. For both ANN and logistic regression models, the areas under the receiver operating characteristic curves (aUCs) were calculated. 
Patient Characteristics
The patients' demographics are shown in Table ıV . The largest satisfaction was observed in older Greeks, females, and patients with an elementary school degree. The mean general satisfaction was higher for responders from smaller cities (the other three scales showed better scores in patients from semi-urban areas). satisfaction (all scales) was bigger for participants having one previous admission. 
Correlating Sociodemographic Data with the Summated Scales

Artificial Neural Network
Variables from 69 patients were analyzed during the training phase and 31 patients were included in the testing phase. Data were considered moderate noisy and they were moderately transformed. an exhaustive variable selection and an exhaustive network search were opted. The best aNN was chosen. The architecture used was a back-propagation The questionnaire was filled in (in order to limit the positive bias) after the hospitalisation (1, 10) and it has been used in previous surveys (17, 18) . The results confirm that gender, age, citizenship, number of previous admissions and selfperceived level of health (at admission and at discharge) are all factors that exert a strong influence on satisfaction. The patients provided a global satisfaction of 73.2759%, a score found in other Greek surveys which evaluated brain tumor patients (17) and the general population (18, 21) . No variable was found to relate to this dimension. However, older age and network with seven hidden units and one output. Finally, the variables derived from another 45 patients were used as a validation group. The basic performance metrics are presented in Table V . The aaN outperformed the BLR model as it is shown in Table Vı . The corresponding aUCs are illustrated in Figure 1 .
█ DISCuSSIOn
The scope of the current study was to assess if patients undergoing surgery of LDH are really satisfied with the provided care. Other Greek satisfaction surveys have already studied most of the variables presented here (17, 18, 20 (20) . Even though an association between the number of previous admissions and the length of stay and satisfaction on areas such as cleanliness was found in many published studies (22) , this could not be confirmed here.
several predicting models have been constructed with traditional statistical methods, but their individualised application is limited by the variables involved, which may potentially interact with each other with possible reciprocal effects (32) . Consequently, these approaches present intrinsic limitations in manipulating heterogeneous nonlinear data (28) . The aNNs are models which employ a dynamic concept for interpreting outcomes. at the same time, they are capable of adjusting their indigenous framework with respect to a functional target (32) . Although standard statistics reveal significant parameters in the whole population, aNNs incorporate criteria that are of importance individually (28, 32) . The aNN model, when compared with the BLR model, was more accurate (96% versus 94%) in predicting satisfaction and exhibited better indices. supplementary processing is expected to lead to further improvements in decision-making analysis. The current study contributes to evaluation of the capabilities of neural networks in comparison to the efficiency of logistic models, especially in the context of information shortage about the use of aNN for predicting satisfaction outcomes.
This report has some constraints. To start with, dissatisfied patients tend to answer less often (17, 18) . ıt is also well known that the satisfaction assessment is a dynamic process demanding large samples from various care units at different moments in time, so that researchers can detect changes in satisfaction (2, 20) . Besides, in this study, all questions were acknowledged as ratio scales. Yet, they could be considered as ordinal and/or interval scales (8, 29) . an important drawback is that the used questionnaire does not seem to recognise the gravity of the nursing services as the PCa revealed (18) . The comprehension of the findings could be simplified by the breakdown of Q21 in more questions or by introducing additional nurse-focused questions. Finally, Q18 and Q21 could be puzzling in consideration of patients' lack of expert knowledge to hold an opinion on this field (17).
In conclusion, the findings are in agreement with other studies from Greece, elucidating a uniformity in patients' ratings throughout the country (17, 18, 20) . Key elements seem to be identical in LDH and tumor patients. similar international reports underline the value of health providers' attendance of diversified educational activities (9, 10). A patient-centered communication is a substantial prerequisite (30) . To end with, aNNs seem successful in LDH patients' satisfaction prediction. ın the light of these data, the implementation of this method in our research tools seems to be justified.
lower education are associated with high global satisfaction in many studies (19, 20, 27) . ınterestingly, general satisfaction in older patients (>65 years) is reduced (19, 24) . ın contradiction to the present results, it has been argued that non-married patients and males are less satisfied with the hospital care (as seen by the global satisfaction) (12) . Yet, Quintana et al. (22) reported lower levels of satisfaction in women and in the married patients.
ın other Greek hospitals, the medical services' satisfaction ranged from 80.4% to 92.8% (current study: 89.3534%), and the nursing services' satisfaction ranged from 52.4% to 90.0% (current study: 84.4618%) (17, 18, 20, 21) . These two domains were correlated with Greek nationality, gender (females), older age, more previous admissions, and poor self-perceived health condition (at admission). as in several published studies (6, 23, 24, 27 ) the physicians' and nurses' behaviour proved to be a more significant determinant than professional efficiency. Information provision was also reported to be of crucial importance in line with the findings of others (23, 24) . However, gender was not associated with reported satisfaction (24, 27). Previous studies found that patients with previous admissions are more demanding (19, 22, 24) . ın fact, the larger the number of prior admissions, the larger the satisfaction scores, a finding not confirmed neither by other researchers (24), nor by the authors of this study. ıt was also suggested that a better score is linked to a better self-perceived health status at admission (29) . Of note, responders tend to give higher rates to physicians, probably because they can not fully evaluate their services. Moreover, the nursing personnel shortage contributes substantially to the acquired responses (18) . 
